However, the increased content of hyaluronic acid in inflamed joints might arise also from decreased breakdown or disappearance from the joint, about which little is known, and it would be very difficult to study either aspect of hyaluronic metabolism in intact joints.
A recent study of the influence of human serum upon growth of homologous synovial cells (Clarris and Fraser, 1968a) provided an opportunity to examine the effects of serum upon the secretion of hyaluronic acid by these cells in vitro. Samples from these experiments were stored at -i5oC.
pending the final development of an accurate microassay for hyaluronic acid in cell-culture medium. This paper describes the effects of serum upon the secretory activity of synovial cells in vitro.
Material and Methods
Growth media were obtained from experiments reported earlier in detail (Clarris and Fraser, 1968a (1960) . The procedure consisted of initial precipitation of the complexes from 2-4 ml. samples onto silica, controlling the conditions to separate the bulk of protein, glucose, and other interfering substances. This was followed by ion exchange for further purification, before solution of the dried residue for measurement by the modified carbazole reaction (Bitter and Muir, 1962 In synovial cultures, the secreted glycosaminoglycan is almost entirely hyaluronic acid (Kling, Levine, and Wise, 1955; Castor, 1957) . This is true for the type of culture used in this study (Fraser and McCall, 1965) and has been confirmed in this laboratory by analysis of the products of enzymatic and acid hydrolysis of radioactive cell-secreted glycosaminoglycans. The secretory rates quoted in this paper were calculated from mean cell number, hyaluronic acid estimates, and the duration of the experiments, and expressed as pplg./cell/day.
Results

Observations with two concentrations of serum
Estimations of hyaluronic acid and relevant cell numbers are shown in Table I , and the derived rates of cell secretion and growth in Table II 
Discussion
These findings indicate that serum not only stimulates synovial cell multiplication, but also stimulates the rate of hyaluronic acid secretion, at least in the early stages of a subculture cycle. The increase in hyaluronic acid secretion cannot be attributed to provision of more substrate for its synthesis, since the required glucose and glutamine are abundant in both serum and Medium 199. The action of serum must therefore arise in some other way. In other circumstances, the prior treatment of the serum can profoundly alter cell growth (McCall and Fraser, 1966; Clarris and Fraser, 1968a) , but the slight differences in 10 per cent. fresh and heat-inactivated serum in this study were not reflected in the secretory rates.
The stimulating effect of serum upon secretion of hyaluronic acid contrasts with the findings of Castor (1959) . He found no change in secretion by mature, non-proliferating synovial cultures in serum concentrations ranging from 5 to 50 per cent., whereas complete removal of serum was apparently followed by increased secretion. A number of observations have been made about the relationship of glycosaminoglycan secretion to changes in cell growth occurring spontaneously or induced by other means. Grossfeld (1962) has stated that production of hyaluronic acid and cell growth run parallel in cultures of normal fibroblasts, but are inversely related in cultures of Rous sarcoma. Daniel, Dingle, and Lucy (1961) found that cobalt-tolerant rat dermal fibroblasts grew at equal rates in 5 to 20 per cent. serum, but apparently secreted less hyaluronic acid as the serum concentration was raised. Castor and Fries (1961) found no consistent relationship between hyaluronic acid secretion and the spontaneous changes in growth rate which occur during the culture cycles of synovial cells. On the other hand, Morris and Godman (1960) found a direct relationship between secretion and growth of rat dermal fibroblasts in successive phases of a subculture cycle in one growth medium, but some dissociation of secretion and growth in another medium designed to stimulate growth.
Whether the secretory response to serum is simply related to growth rates has not been clearly decided, but such a relationship would be in keeping with the increased density of fibroblasts and outpouring of ground substance which follow vascular exudation in the early stages of wound and fracture repair. In these circumstances, hyaluronic acid has been identified as a major glycosaminoglycan (Antonopoulos, Engfeldt, Gardell, Hjertquist, and Solheim, 1965) .
The isolation of synovial cells in culture might seem far removed from conditions within the parent joint, but the identification of collagen fibres (Castor and Muirden, 1964) and a hyaluronic gel (Clarris It is suggested that the raised concentrations of serum constituents found in the synovial fluid in chronic arthritis might be responsible in part for the cellular proliferation and increased synovial hyaluronic acid which commonly occur in disease of joints.
SERUM AND SECRETION OF HYALURONIC ACID Morris, C. C., and Godman, G. C. (1960) . Nature (Lond.), 188, 407 (Production of acid mucopolysaccharides by fibroblasts in cell cultures). Sandson, J., and Hamerman, D. (1962) . J. clin. Invest., 41, 1817 (Isolation of hyaluronateprotem from human synovial fluid). Scott, J. E. (1960) . In "Methods of Biochemical Analysis", ed. D. Glick, vol. 8, p. 145. Interscience Publishers, New York.
L'influence du s6rum sur la secretion de l'acide hyaluronique La influencia del suero en la secrecion de acido hialur6nico par les cellules synoviales por las celulas sinoviales RESUME La teneur en acide hyaluronique des milieux de culture de cellules synoviales humaines cultivees dans du serum humnain a e determinee apres l'extraction chimique.
Des associations hautement significatives ont e vues entre la concentration serique et la secretion d'acide hyaluronique, et entre la concentration serique et la proliferation cellulaire, malgre qu'il n'y avait pas de preuves evidentes d'une association directe entre le taux de secretion et la multiplication.
11 est sugger6 que les concentrations elevees des constituants du serum trouves dans le liquide synovial de l'arthrite chronique pouvait etre responsable en partie de la proliferation cellulaire et de l'augmentation de l'acide hyaluronique de la synoviale qui a lieu couramment dans les maladies articulaires.
SUMARIO
El contenido de acido hialur6nico de medios de cultivo de celulas sinoviales humanas, en suero humano, fue estudiado por extracci6n quimica y ensayo. Se descubrieron relaciones altamente significativas entre la concentracion de suero y los promedios secretorios del acido hialur6nico, y entre la concentracion de suero y los promedios de crecimiento de las celulas, si bien no hubo evidencia clara de una asociaci6n directa entre los promedios secretorios y los de crecimiento.
Se sugiere que las elevadas concentraciones de los componentes sericos hallados en el liquido sinovial en la artritis cronica, quiza sea responsable, en parte, de la proliferacion celular y del aumento del acido hialur6nico sinovial que ocurre comunmente en las enfermedades de las articulaciones.
